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Final Report on ONR Contract Nomr-562(03)
NR-051-284

DIELECTRIC PROPERTIES OF ALCOHOLS AND GLYCOLS

I, Objectives of the Contract, In the original contract proposal

dated 4 April 1951, a program of research on dieleetric properties
of alcchols and glyeols was outlined,

The aim of the work was to obtain definitive measurements of
both equilibrium and relaxation behavior over wide ranges of
temperature and frequency for representative systems as an aid to
better understanding of their constitution and molecular interac-
tions., The specific systemspropesed on the basis of work in hand
at the time included trimethylene glycol and lower aliphatic alco-
hols. In the regquest for extension of the contract for four months
to 31 January. 195}, further problems of measuring dielectric ree
laxation in glycerol as a function of temperatureand pressure and
development of methods for ultra=high frequency measurements were
outlined, During the period of contract support, a considerable
body of results on all these prcblems has been obtained and thece
have led to better understsnding of the underlying factors; As
the results have been presented as parts of two technlcal reports
listed in _iI, they necd not be described again here in detail,
Some of the earlier work has been published, as listed in IV, and

papers in preparation are listed in V,

IT., Personnel Associated with the Corntract and Thelr Activities,

Robsert H, Cole, Project Supervisor, 1951-195h, General supcrvision

of work over eontract period, and rescarch in the summer of 1952
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and part 5f the summer of 1953, Tne latter included research on
trimetnylene glycol, analysis of dielectric measurements reported
es Part II of_sqoond tegpnical gepor;, development of ultrahigh
frequency methbds; and theory of dielectri; properties of alcohols
ir relation to hydrogen bonding. Andrew Gilchrist, Post-doctoral
Research Associate, 1953-54,8tudled effects of hydrostatic pressures
up to 1000 atmospheres on dielectric relaxation in glycerol and
began similar measurements for n-propyl alcohol, Experimental work
included development of pressure techniques and thermostats for
temperatures from 25° €, to -150° C,

¥, X. Hascion, Research Assistant, 1951-53, Studied dielectric
relaxation in ethyl and isopropyl alcohols,

Walter Dannhauser, Research Assistant, summers of 1952, 1953,
Measurements of dieclectric constants of trifluorocecetis and acetic
acids, Partial studies, dielectric constant .nd loss in normal

and isobutyl alcohols (since completed),

Stephen Havriliak, Research Assistant, summer of 1953, Determination
of dielectric ccnstants of solid hydrogen sulfide,

S. E. Lovcll, Research Assistant, summer of 1953, Development of
methods for measurcment of die¢lectric constant and loss in the

range 2 Mc = 250 Mc.

IIT, Status and Technical Reports,
First Status Report, March 3, 1952,
Second Status Peport, October 1, 195¢.
First Technical Report, November 156, 1933.

I. Dilelectric Properties of Liquid Ethanol and 2-Propaml.
7, X, Hassion and R, H, Colc



II. Dislectric Proporties of Trimethylene Glycol
R. H. Cole and D, W, Davidson

Second Technical Report, March 15, 1954, .

I. Determination of Dilelectric Properties under Constant
Vclume Conditionse.

Andrew Gilchrist

IT. On the Analysis of Dielectric Relaxation Measurements,
Robert H, Cole

III,  Diclectric Constants of Liquid and Solid Hydrogen

Sulride. -

Btephen Havriliak, Richard W. Swenson, and
Robert H., Cole

IV. Publ.cations,

High Trequency Dispersion in n-Propanol, R. H, Cole & D, W,
Lavidson, J. Chem, Phys, 20, 1389 (1952),

On the LCielectric Constant of Trifluoroacctic 4cid, Walter
Dannhauser and R. H, Cole, J, Am, Chcm, Soc, 7L, 6105 [1,52),

Dielectric Relaxation Processes in Ethanol, F, X, Hassion &
R, H. Cole, Nature, 172, 212 (1953).

V. Papers in Preparation,

Dielceetric Properties of kEthyl & iso<Propyl Alcohols and of
Fthyl Alcorol-Water Solutions, (F. X, Hassion & R. H, Cole)

Dielectric Properties of Normal & Iso Butyl Alcohecls ( W,
Dannhauser & R, H. Cole)

On the Analysis of Dielectric Relaxation Measurements ( R. H,
Cole) ‘

Dielectric Relaxation in Glyccrol & n-Propyl Alcohol as a
Function of Pressure and Temperature (A, Gilchrist)

Thermostats for Low Temperatures (0°C, to -150°C.) (A,
Gilchrist)

Measuremont of Dvcl

lec Zoss from 2 Me to
250 Mec. '&%. & Lev :
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VI. Summary, With comnlotion of contract supported and other

rolated roescarch, thero now cxist quite dcfinitive measuremcnts for
six lower alcohols and three thrcoe-carbon glycols over ranges of
temporature to =-150°C, and frequencies from 10 cycles or loss to

2 megacyclos or higher, Theories of molecular origins of the ob-
served disporsion processes have been advanced and are being
developod further, Measurements are in hand and belng continued

to determinc the influence of pressure and hence molar volumc on
diolectric rolaxation, The englnoering of adequatec methods for
studylng dicloctric relaxation of lossy substancos in thec range

2 Mc - v i~ was begun. Sincc the termination of contract support
this wor ik 1an becen continued to tho point thet prcliminary mcasurce
ments ccenfi=i the validity of thc procoedurcs which worc dcviseod

and partly devclopcd,

The résuits cbtainced have, in the suporvisort!s cstimation,
considerably extcnded our knowlcdge of diclectric behavior and lod
to conclusions wiih sigrificant buaring on properties of hydrogen
bonding ligu:ds, T werk has brought to light and clarificd as-
pects of diliccetric bshavier previously unknown or misinterprotcd,
It has also vhown beth the nccessity of sufficicently comprchensive
measuremonts for a propcr dofiniltion of dic¢lcetric behavior and the
value of such mcasurcmcnts for o bettor understanding of this and
other proportics of -zoinensed phasces, It is clcar that much more
nocds to bc donc on boch alcchols and exhzr 1igulds and molecular
solids, but the pregrens made has improved wrttoes considerably as

well we showing vrofisakls dirccections ror My welr worx, The material



asslatance from contract support in making this possible 1s

gratcfully acknowlcedged,

Submittcd by,

Robort He Cole
Contract Supcrvisor
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